Introduction
Touch, delivered in the right way, by the right person and under the right circumstances can be a powerful sexual incentive, i.e. it can elicit motivated behaviour aimed at sexual activity, or feelings of sexual desire, arousal or pleasure. Such 'erotic touch' include for example caressing, massaging and static touch (1) . Conversely, dysfunctional or altered touch perception is associated with sexual problems like hyposexual desire disorder (2) .Yet, despite the beneficial effects of erotic touch and bodily intimacy on relationship quality and individual happiness (1) it is still largely unknown how somatosensory stimuli may give rise to sexual feelings.
Touch is communicated through mechanoafferents in the peripheral nervous system that innervates the skin. These divide into two large groups: myelinated, fast conducting A fibers and unmyelinated, slowly conducting C tactile fibres. C tactile fibers, a subgroup of the C fibers, are found only in hairy skin and respond optimally to slow stroking stimulation with a velocity of 1-10cm/s, to light force, and to temperatures of about 32° C -a stimulation that resembles interpersonal touch (3) (4) (5) (6) . Additionally, C tactile firing correlates highly with subjective pleasantness ratings of touch. This has led to the "social touch hypothesis", stating that C tactile fibers are specifically tuned to respond to comforting interpersonal touch (4) . Interpersonal touch has the ability to communicate a wide range of emotions, from disgust to love (7) .
In addition to pleasant or social touch, C tactile fibers are suggested to be mediators of erotic touch (8) .
This idea is to some extent supported by observations in patients who are relieved from excruciating chronic pain by surgical transection of the spinothalamic tract (anterolateral cordotomy (9) .
Postoperatively, these patients report no erotic cutaneous sensation on the lesioned side (9) . Since C tactile fibers probably projects together with the nociceptors and thus are affected by the transection, this suggests that C tactile signaling is necessary for erotic touch sensation. However, the potential involvement of C tactile afferents in erotic touch perception has, to the best of our knowledge, not been specifically examined. The aim of this study was to investigate a potential correlation between stimulation of C tactile fibers and erotic perception.
If C tactile fibers are involved in the peripheral coding of somatosensory sexual incentives, C tactile optimal stroking touch with a velocity of 1-10 cm/s is expected to be perceived as more erotic compared to C tactile suboptimal touch. This hypothesis was tested in two studies. Study one compared eroticism ratings of C tactile optimal (1, 3 and 10 cm/s) and suboptimal brushing (0.3 and 30 cm/s) on two body sites (forearm and inner thigh). Study two aimed to replicate the results from study one on the forearm and additionally tested if eroticism ratings to C tactile optimal brushing are related to sexual behavior in daily life. The forearm was chosen based on previous studies on C tactile related perception (3, 10, 11) , and the inner thigh was chosen based on high self-rated erotic touch perception (12) .
Aim
We aimed to investigate the relationship between C tactile afferent stimulation and erotic touch perception in healthy adults.
Main outcome measures
Ratings of eroticism, pleasantness, and intensity of touch stimuli of different velocities were obtained from all participants.
Study 1

Methods
Ethical declaration
The investigations were performed according to the Declaration of Helsinki on Biomedical Research Involving Human Subjects. The protocol was approved by the ethics committee in Gothenburg, Sweden.
Following explanation of the study, written informed consent was obtained from all participants.
Participants
Twenty healthy volunteers (age 19-33 years (mean 23.5 +/-3.2 years SD), 10 females) participated. Most of them were undergraduate students and considered themselves to be healthy. The volunteers were paid for participation.
Procedure
Questionnaires
The participants answered the Multidimensional Mood State Questionnaire (MDMQ (13) not erotic at all to extremely erotic), pleasantness (-10 to 10; extremely unpleasant to extremely pleasant), and intensity (0 to 20; not intense at all to extremely intensive) of the touch stimuli were rated on visual analogue scales (VASs) presented on a computer screen. No further information about the interpretation of any of the anchor labels on the VASs was given. In order to focus on the perception of touch, the participants wore goggles that inhibited peripheral vision. Participants were acoustically shielded from the noise of the RTS by pink noise through headphones.
Great care was exercised in order to make the participants comfortable with the environment. While filling out the questionnaires the participants were in the experimental room and wore shorts in order to get familiarized with the testing situation. The participants were assured that the experimenter would not follow their ratings and that all collected data was stored anonymously.
Tactile sensitivity
In the last part of the experiment, tactile sensitivity was measured on the left dorsal forearm and on the left inner thigh. Tactile sensitivity was included to examine possible differences in discriminatory capacity between the forearm and the inner thigh. The monofilament test (15, 16) was used in a staircase method (17) , where one out of 10 single filaments (ranging from 0.08 mN to 30 mN) was applied to the skin twice. The test always started with the strongest filament. If the participant perceived both stimuli, the testing continued with the next weaker filament in the series. Otherwise testing continued with the next stronger filament. The testing continued for six turning points (change from stronger to weaker filament or vice versa); the average of the last four turning points was used as threshold (compare (18)).
Participants were prevented from seeing the stimulation.
Statistical analysis
Statistical analyses were performed using SPSS version 22 (IBM, Chicago, USA). VAS data was averaged across the three repetitions of each velocity, and ratings of eroticism, pleasantness, and intensity were analyzed separately in a repeated measurement ANOVA with velocities (five) and skin site (two) as within subject factors, and Greenhouse-Geisser correction was applied. Ratings of eroticism, pleasantness and intensity were correlated with the outcome scores from the mood questionnaire and the social touch questionnaire (Pearson correlation). Bonferroni-correction was applied (factor three). Tactile sensitivity of skin sites was compared with paired t-test. Level of significance was set to 0.05.
Results
There was a significant main effect of velocity (F [4, 16] =6.2, p=0.003) on the eroticism ratings. The relation between velocity and eroticism ratings was best described by a quadratic fit (F [1, 19] =12.9, p=0.002), and in tendency by linear fit (F [1, 19] =4.3, p=0.052). Eroticism ratings were highest for the slower C tactile optimal velocities of 1 and 3 cm/s (Fig 1) . There was no significant main effect of skin site (F [1, 19] years SD). Most of them were undergraduate students, and considered themselves to be healthy. None of them participated in study one. The volunteers were paid for participation.
Procedure
Questionnaires
The participants answered the STQ (14) and questions about touch and sexuality in daily life.
Participants were asked about "how often do you have intimate body contact with family members or friends? (more than 1h/day, more than 10min/day, ones/day, more than once/week, once/week, once/month, never)" and "how much do you appreciate this type of body contact? (Very much, much, neither or, not very much, not at all)". Intimate body contact refers to both sexually motivated touch and activities such as hugging or cuddling. Additional questions about sexuality were "If you have a partner, how often would you like to be sexually active with him/her?" and "How often are you sexually active with your partner? (never, once/month or less, once a week, more than once/week, once/day or more)".
Participants additionally answered the Erogenous Zone Questionnaire (EZQ), which asks about the level of sexual arousal following touch in a variety of body parts on a visual analogue scale ranging from 0 to 10 (12). The questionnaire was translated to Swedish, implemented in MATLAB (MathWorks, Natick, MA, USA), and presented on a screen. All forms were filled out before starting the experiment, except for the Erogenous Zone Questionnaire, which was answered after the experiment.
Presentation of touch
The experiment was conducted in the same way as in study one. However, brushing was only performed on the left dorsal forearm as no difference had been observed between ratings from forearm and thigh in study one.
Statistical analysis
Statistical analyses were performed using SPSS version 22 (IBM, Chicago, USA). Touch rating data was analyzed similar to study one. The larger number of participants additionally enabled analysis of gender differences.
The averaged overall eroticism rating was correlated to the total score of the STQ and the EZQ questionnaires and to the outcome of the questions about sexuality and touch (Pearson correlations).
Shapes of the curves of pleasantness and eroticism rating were compared. Therefore, rating data was combined with the rating data from the forearm of study 1, which was collected in a similar manner.
This approach led to a sample size of 67 people. A repeated measurement ANOVA was calculated with the within subject factors velocity (five) and rating scale (three). Furthermore, regression analysis was performed in order to clarify, whether velocity dependent rating curves followed a quadratic or linear fit.
Results
Resembling the results from study one, there was a significant main effect of velocity (F [4, 42] The majority of the participants (56%) reported to have intimate body contact with family members or friends at least once a day. 60% of the participants reported to appreciate this type of touch "very much" and none answered "not very much" or "not at all". There was a significant positive correlation between the frequency of intimate body contact and the appreciation of such contact (r=0.49, p=0.001). However, there was no correlation between the frequency or appreciation of intimate body contact with the eroticism ratings.
Of those 40 participants, who reported to be or have been sexually active, 86.6% stated that they wanted to be sexually active several times a week, but only 40% actually were. Instead the most common answer on sexual activity frequency was about once a week (56.7%). There was a significant positive correlation between the mean eroticism ratings and frequency of sexual activity (r=0.39, p=0.035), but not with the desire for sexual activity. There was a significant negative correlation between the duration of relationship and the amount of sexual activity (rs= -0.63, p < 0.001). Consistently, there was a significant negative correlation between the duration of relationship and the overall rating of eroticism (r=-.44, p=0.02). The longer participants were in a relationship, the less erotic they perceived touch. Importantly, this result remained stable, if controlling for age of the participants (partial correlation: r=-0.38, p=0.046).
As in study one, the overall score of the STQ was not correlated to the eroticism ratings (r=-0.06).
However, there was a significant positive correlation between the scores of the EZQ and the overall eroticism rating (r= 0.30, p=0.04). The inner thigh was rated as significantly more sexually arousing than the forearm (thigh mean=7.68, SD=2.01; forearm mean=3.32, SD=3.33), t(46)=-8.386, p<0.001).
In the sample four people reported no sexual experience. Three of them still rated touch as erotic, whereas one participant did not. These participants could potentially be asexual, especially the participant who did not find any touch erotic. However, removing the four participants from the analysis did not change the results.
Comparison between eroticism, pleasantness and intensity ratings For comparing the results from the different rating scales, the data from study 1 and study 2 were combined. There was a significant interaction effect between velocity and rating scales, implying that the curves of pleasantness, intensity and eroticism differed from each other (F[8,58]=18.2, p<0.001).
Velocity dependent rating curves of pleasantness were best explained by a quadratic fit (R p<0.001). We therefore tested, whether a combination of pleasantness and intensity could explain eroticism ratings. In fact, a linear transformation of pleasantness and intensity (1.5*pleasantnessintensity) predicted the observed eroticism ratings in a way that no differences between predicted and observed eroticism ratings were statistically detectable in any of the five velocities (for each velocity:
t=0.1 to 0.8; p=0.4 to 0.9).
Discussion
We hypothesized that C tactile afferents influence the perception of eroticism. C tactile afferents have previously been found to mediate pleasant touch and respond optimally to slow stroking touch (stroking velocities 1-10 cm/s) (3). In the present study, the highest eroticism as well as pleasantness ratings were found for brush stroking with velocities optimally activating C tactile afferents. Our interpretation of these results is that C tactile afferents are involved in the signaling of not only pleasant but also erotic stimuli.
Interestingly, ratings of pleasantness and eroticism showed different velocity dependence with eroticism ratings being higher at slow stroking velocities. Our analysis suggests that this effect is explained by the combined ratings of pleasantness and intensity. The combination of both ratings showed that stimuli were perceived most erotic when high on pleasantness but low on intensity.
Ratings of pleasantness can be seen as a proximate for C tactile stimulation; while ratings of intensity follow involvement of Aβ fibers(3). Accordingly, eroticism may be perceived for touch stimuli that are optimal in activating C tactile fibers and activate Aβ fibers in the lower end of their firing potential.
The forearm EZQ score was found to be significantly lower than that of the inner thigh, confirming previous results (12) . However, this difference was not detected in the eroticism or pleasantness ratings following tactile stimulation. People rate the inner thigh more erotic compared to the forearm, when asked in a questionnaire, but not when actually exposed to stimulation. There is no human data on innervation densities of C tactile afferents across different hairy skin areas and previous work investigating the pleasantness-to-touch of different materials found no significant difference between the touch pleasantness ratings for the thigh and the forearm (19) . Further studies on human C tactile density across body sites are warranted.
C tactile stimulation should not be seen as determining erotic perception, but rather as creating an emotional platform -or background -that increases the likelihood of sexual feelings. It is therefore important to consider the role of other factors, like context. It has previously been shown that context impacts the overall pleasantness percept (20) . For eroticism ratings, a negative correlation was found with the length of the relationship which might reflect the multidimensionality of erotic touch perception. Touch can have several impacts on partners, for example physical affection has been found to be very important for relationship satisfaction (21) , and cuddling seems to be important for the level of sexual activity (22) . It is possible that the meaning of touch is gradually shifted in the course of a relationship. When creating a romantic partner bond, touch may be sensed as more erotic, whereas touch in an established relationship might evoke feelings of security and affiliation, that help maintaining the bond (23) . In line with this interpretation, we found that established couples were less sexually active compared to more recently formed couples.
It is possible that the participants had different interpretations of the word erotic during the rating procedure, which potentially could be a limitation of the studies. However, none of the participants asked about the meaning of the word, and by not defining it, the participants rated according to their interpretation of the word erotic.
In addition to a strong contribution from C tactile afferents inputs from all mechanoreceptors are likely to be integrated, shaping the experience of erotic touch. There are a few reported cases of patients suffering from loss of all myelinated nerves in the periphery but sparing of the unmyelinated afferents (sensory ganglionpathy; see e.g. (24) (25) (26) ). However, to our knowledge there has been no published data on erotic touch or sexual function disturbances in these patients.
The present results suggest a relationship between moving touch, C tactile afferents and eroticism, which begs the question if a similar relationship is present for the skin of the genitalia. The genital area generally has the highest erotogenic potential, but whether C tactile afferents exist here is unknown. The genital area has both hairy and glabrous skin, and C tactile afferents would be expected to be present in hairy skin only since they are associated with hair follicles (27) . Nevertheless, the glabrous skin of the glans penis and glans clitoris contains a high density of unmyelinated fibers (28, 29) , the function of which is still subject to speculation (see e.g. (29,30) ). Whether the apparent erotogenic potential of C tactile stimulation has implications for understanding sexual dysfunctions characterized by altered erotic perception or genital function, like premature and delayed ejaculation, erectile dysfunction or persistent genital arousal disorder, might fuel future research questions. In summary, the present study shows, for the first time, that C-tactile afferents bear the potential of underpinning perception of eroticism. 
